ABSTRACT A pedestrian choice model of vertical walking facilities based on random forest is established in rail transit station considering four key influence factors: interlayer height, luggage, the difference in the number of pedestrians in front of elevator and stairway, and walking speed. This model is verified with the collected data of Changchun light-rail transfer station and Beijing Xi-zhi-men railway transfer station, China, and compared with the choice model based on support vector machine. Prediction results of these two choice models are all good and acceptable. The difference between the mean prediction accuracies of these two pedestrian choice models is small (0.62%). Incorporating the choice model of vertical walking facilities into a cellular automata (CA)-based pedestrian simulation model, and setting reminder sign in front of pedestrian choice zone to reduce conflicts, pedestrian choice behavior of vertical walking facilities in rail transit station is simulated. The simulation results indicate that efficiency of pedestrians passing is improved with the effect of reminder sign, and the distance between reminder sign and vertical walking facilities should be set to be larger than 4 m.
I. INTRODUCTION
In urban rail transit stations, vertical walking facilities including escalator and stairway are the main bottlenecks of pedestrian movement in the passage [1] - [3] . Pedestrian queuing is formed because the capacity of vertical walking facility is less than that of the passage. In peak hours, significant pedestrian conflicts occur in front of vertical walking facilities. Therefore, modeling the pedestrian choice behavior of vertical walking facilities, and taking some effective measures to improve the safety and efficiency of pedestrians passing have important practical significance [4] - [6] . In recent years, many research papers investigated pedestrian choice behavior of vertical walking facilities by focusing on the influence factors and choice models [7] - [13] . Considering the walking
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time, delay time, height of facilities and carrying-on luggage, an extended binary logit model of selection on escalator and stairway was developed by Li et al. Calibration and validation of the model were accomplished by using the data collected in four typical passenger transfer stations in Beijing city, China [7] . Zhang et al. investigated pedestrian choice behavior on escalator and stairway in rail transit stations and built an improved logit model with the influence factors of walking time, walking distance, gender and age of the passengers [8] . Considering three new important parameters, including familiarity, walking disutility, and time pressure, Ji et al. proposed a pedestrian choice model of vertical walking facilities based on logit model [9] . Cao et al. considered the height, luggage, length of queuing pedestrians and walking speed as the main influence factors which are selected by the method of Regression Analysis Stepwise (RAS), and established a logit model of pedestrian choice behavior [10] .
With the field investigation, Lee et al. found that physical effort, travel time and time pressure were all the key factors influencing pedestrians' choice on escalator and stairway [11] . Zacharias et al. tested that separating stairway from escalator between pairs of origin and destination floors in a shopping center would increase the rate at which the stairway was used. The study cases included 13 stairways and 12 pairs of escalators in seven connected shopping centers [12] . In order to investigate the effect of the poster for encouraging people to use the stairway rather than the adjacent escalator, Hndel et al. put up a poster at Copenhagen Central Station, Kongeriget Danmark, and found that the use of overall stairway increased from 12% to 16% during the intervention [13] .
Traffic sign is very important for traffic organization in complex environment such as rail transit station, shopping mall, large activity center, etc. In order to improve the efficiency of pedestrians passing, various traffic signs are usually used to guide the passengers' movement in the rail transit stations. Song et al. analyzed the effect of directional sign in pedestrian evacuation process and established the pedestrian evacuation model in a supermarket [14] . In the T-shaped passage, Jia et al. set the guide sign to reduce conflicts in the separating process of pedestrian flow [15] . Xiong et al. analyzed the impact of traffic sign on pedestrian dynamics with questionnaire survey, and simulated one-way pedestrian flow with traffic sign in the passage [16] . Under the smoke condition, the effects of wall sign and ground sign are different [17] . From the perspective of evacuation efficiency, wall sign performs better. However, in the aspect of interaction among pedestrians, the evacuation process with ground sign presents less security risk. Guide sign plays very important role in leading pedestrians to evacuate when an emergency occurs. The reasonable position of guide sign has great significance for pedestrian evacuation [18] , [19] , and it becomes a research hotspot. Pedestrians' reaction, judgment and perception of the outline about the guide signs are needed to optimize the position of guide sign to some extent.
Pedestrian simulation models are mainly divided into two groups: continuous model and discrete model. In continuous model, time and space are continuous, such as social force model [20] , [21] and fluid dynamic model [22] . In discrete model, time and space are discrete, such as cellular automata model (CA) [23] , [24] and lattice gas model [25] , [26] . Each simulation model has its own characteristics. CA is commonly used in pedestrian flow simulation because of its easy implementation and high computational efficiency [27] - [29] . CA is always used for capturing pedestrian microscopic behaviors, such as the panic behavior in evacuation [30] , preference of walking along the right-hand [31] , following and avoidance behaviors [32] , group behavior [33] , etc. In addition, lots of extended CA-based models for pedestrian flow simulation have been proposed [34] . Performance of the CA-based model by using floor filed is outstanding.
Based on the above literature review, it is clear that most pedestrian choice models of vertical walking facilities are based on the application of logit model. However, logit model has the inherent defect that calibration result of the parameters is significantly influenced by the amount and quantity of survey data [8] , [35] . Considering this problem, Li et al. used the support vector machine (SVM) approach, which is indeed one of machine learning methods, to predict the pedestrian choice of vertical walking facilities, resulting in 89.38% of total prediction accuracy in the small-size test example [3] . As is well known, random forest (RF) is better in solving the problems featured with small sample and nonlinear classification. Therefore, it would be more suitable to be adopted to predict the pedestrian choice of vertical walking facilities. In addition, as is often observed, pedestrian conflicts occur in front of vertical walking facilities. If reminder sign is provided, the position where pedestrians make decision for selecting escalator or stairway would be shifted forward. Therefore, we would propose to take the measure of setting reminder sign to reduce pedestrian conflicts. The main contributions of this paper are summarized as follows: (i) A pedestrian choice model of vertical walking facilities based on RF is proposed, which is validated with the data of Changchun light-rail transfer station and Beijing Xi-zhi-men railway transfer station, China. Indeed, the total prediction accuracy is up to 90.00%. The difference between the mean prediction accuracies of pedestrian choice models based on RF and SVM is small (0.62%). (ii) We fuse the choice model of vertical walking facilities into a CA-based pedestrian simulation model to simulate the pedestrian choice behavior on the platform of MATLAB software. (iii) In order to reduce pedestrian conflicts, we set the reminder sign in front of pedestrian choice zone. Efficiency of pedestrians passing is improved with the effect of reminder sign, and the distance between reminder sign and vertical walking facilities is desired to be larger than 4 m.
The rest of this work is organized as follows. In Section 2, a pedestrian choice model of vertical walking facilities based on RF is proposed. In Section 3, simulation model of pedestrian choice behavior considering reminder sign is built. Section 4 analyzes the simulation results of pedestrian choice behavior in urban rail transit station, and the suitable position of reminder sign is obtained. Section 5 concludes our work with three findings.
II. CHOICE MODEL OF VERTICAL WALKING FACILITIES BASED ON RF A. INFLUENCE FACTORS
In rail transit station, pedestrian choice of vertical walking facilities is the result of the interactions among many factors including sex, age, interlayer height, luggage, walking speed, the difference in the number of pedestrians in front of elevator and stairway (the difference in delay on waiting for escalator and stairway), walking time [3] - [5] , [10] . These influence factors are interrelated with each other with collinearity and interdependence, and it is necessary to select the key influence factors [36] . Using the method of Regression Analysis Stepwise (RAS) [3] , [10] , we select the following factors: interlayer height, luggage, the difference in the number of pedestrians in front of elevator and stairway, and walking speed from the 7 candidate factors, as the key influence factors for building pedestrian choice model. From the related literatures [3] - [5] , [10] , [37] and survey statistical analysis, we find the characteristics of the key influence factors:
• The larger the interlayer height, the more pedestrians are likely to choose the escalator. When the interlayer height reaches to 14.5 m, the ratio of pedestrians choosing the escalator increases up to 96.5% [3] . Therefore, interlayer height is one of the most important influence factors on the selection of vertical walking facilities.
• The pedestrian who carries a large amount of luggage tends to choose the escalator for saving energy. Among the 500 pedestrian samples with large amount of luggage, only 46 pedestrians choose the stairway, and the proportion of selecting escalator is as high as 92%.
• Walking speed is an important factor on the selection for vertical walking facilities. As is well known, when pedestrians are pressed for time, they would have high walking speed. Since the escalator runs at a constant speed, time-pressed pedestrians would rather choose the stairway that consume more energy for higher walking speed.
• As the number of pedestrians waiting for escalators increased, the proportion of pedestrians choosing the stairway increased. The difference in the number of pedestrians in front of elevator and stairway can well represent the difference in delays on waiting for escalator and stairway. We set these four influence factors as the independent variables and the choice result as the dependent variable in pedestrian choice model. The characteristic values of interlayer height, the difference between queuing pedestrians, can be described by the actual measured value. Luggage carried by pedestrians can be divided into three categories: without luggage or a little amount, a moderate amount of luggage, a large amount of luggage [3] . With the actual measured value of walking speed, it is also divided into three categories: low speed, moderate speed and high speed. Specific introduction of model variables are shown in Table 1 .
B. ESTABLISHMENT OF PEDESTRIAN CHOICE MODEL BASED ON RF
In urban rail transit station, interlayer height, luggage, the difference between queuing pedestrians, and walking speed are selected as the key influence factors for pedestrian choice of vertical walking facilities. We set x i as the characteristic vector of pedestrian i and it is denoted as follows:
where x i, 1 is the characteristic value of interlayer height; x i, 2 is the characteristic value of luggage; x i, 3 is the difference between queuing pedestrians; x i, 4 is the characteristic value of walking speed. We set y i as the choice result of pedestrian i, and pedestrian sample set is expressed as
where n 0 is the number of pedestrian samples. In this study, the problem of pedestrian choice behavior is regarded as a nonlinear classification problem because the relationship among influencing factors of pedestrian choice behavior is nonlinear. RF approach [38] - [40] , proposed by Breiman and Cutler in 2001, is better in solving nonlinear classification problems. It has been demonstrated that RF has the strong generalization ability and high prediction accuracy. RF can effectively avoid over-fitting phenomenon due to the two stochastic processes [41] - [43] . Therefore, we use RF to build the pedestrian choice model of vertical walking facilities.
In the process of building pedestrian choice model of vertical walking facilities based on RF, we need to build the decision tree, which is the basic of RF [44] . In sample set D, there are c (c = 2) kinds of vertical walking facilities. In the process of building decision tree, we select a characteristic value as the node of the tree, and calculate the information entropy.
where D is the sample set of pedestrian choice behavior; p j is the ratio of the number of pedestrians choosing vertical walking facility j and all pedestrian samples.
If characteristic x is selected as the decision node, the corresponding information entropy evolves as follows:
where k represents that sample set D is divided into k parts. Information gain is equal to the difference of information entropy and conditional entropy. Calculation formula is shown as
The most suitable characteristic selection for decision tree nodes is the characteristic with the maximum value of Gain (D, x).
On the basis of tree nodes, process of RF is introduced. Generating forest and making decision are the two main parts in RF. Schematic of the process of RF is shown in Fig. 1 .
1) GENERATING FOREST
Firstly, according to pedestrian choice behavior survey data which include four independent variables and one dependent variable, we build training sets for decision tree. Then, Bootstrap resampling is used to form n kinds of training set (training set 1, training set 2, · · · , training set n). n kinds of training set are used to train decision trees in extracting stochastic characteristic variable. In this process, decision trees are not pruned. Last, n decision trees which have been trained are formed.
2) MAKING DECISION
Firstly, testing set is prepared with the survey data. Then, every trained decision tree is used to predict classification results. At last, prediction results are given by voting of all decision trees, that is to say, if a classification result is given by most decision trees, this classification result is the final prediction results. 
C. MODEL VALIDATION AND ANALYSIS
Using the mode of recording video, we collect the pedestrian samples data of Changchun light-rail transfer station and Beijing Xi-zhi-men railway transfer station, China. Taking Changchun light-rail transfer station for example, data collection points are shown in Fig. 2 .
Based on the characteristic vector of pedestrians, we convert the video data into pedestrian sample data. Characteristic values of interlayer height, luggage and the difference between queuing pedestrians are counted directly and the walking speed is equal to the walking distance per unit time. 880 pedestrian samples for each of the upward and downward directions are selected, randomly. Each pedestrian sample contains four characteristic values of interlayer height x i, 1 , luggage x i, 2 , the difference between queuing pedestrians x i, 3 , walking speed x i, 4 , and one choice result y i . 800 pedestrian samples for each of the upward and downward directions are selected randomly as the training set. Remaining 80 pedestrian samples for each of the upward and downward directions are marked as prediction set. In order to indicate the effectiveness of pedestrian choice model proposed in our work, prediction results of pedestrian choice models based on SVM [3] and RF are shown in Table 2 .
In Table 2 , we know that prediction accuracies of choice model based on SVM in upward and downward directions are respectively 91.25% and 87.50%. Prediction accuracies of choice model based on RF in upward and downward directions are respectively 91.25% and 88.75%. Prediction results of these two choice models are all good and acceptable. The difference of the total prediction accuracies of these two choice models is small (0.62%).
III. SIMULATION MODEL OF PEDESTRIAN CHOICE BEHAVIOR CONSIDERING REMINDER SIGN A. SIMULATION SCENARIO
In the simulation, vertical walking facilities of Changchun light-rail transfer station, China, is selected for the case study. Size of a cell is set to 0.4m×0.4m, which is the typical space occupied by a pedestrian [45] , [46] . From the field observation, the upward and downward escalator at same side would lead to more conflicts. In our work, the upward and downward escalators are set separately on two sides of the passage and the stairway is set on the middle with the same size, as shown in Fig. 3 . Length L length of the passage is 55. 
B. FORMATION OF FLOOR FIELD
The concept of floor field has been proposed in previous researches and it has been widely used in CA-based pedestrian simulation [47] , [48] . In our work, static floor field is used, which mainly focuses on the target exit. Besides, it is assumed not to be evolving with time. Static floor field value is calculated as
where S ij is the value of static floor field at cell (i, j).
2 is the largest distance of any cell to the exit (i m , j m ), in which i , j runs over all cells.
2 is the distance between exit (i m , j m ) and cell (i, j).
In our work, pedestrian choice behavior is simulated by switching the static floor field. Fig. 4 is the static floor field for LP and Fig. 5 is the static floor field for RP. Figs. 4 and 5 have the same formation mode, and we take Fig. 4 as an example to explain. In Fig. 4(a) , before choosing escalator or stairway, LP have the probabilities to walk on the downward escalator or stairway, but they cannot walk on the upward escalator. Therefore, we set the upward escalator as the barrier. Fig. 4(b) shows the static floor field for LP choosing the downward escalator. LP only has the probability of walking on the downward escalator. Therefore, we set the upward escalator and stairway as the barrier. Fig. 4(c) shows the static floor field for LP choosing the stairway. LP only has the probability of walking on the stairway. Therefore, we set the upward and downward escalators as the barrier.
C. WALKING PREFERENCE
As is well known, the habit of walking along the righthand is practiced in China; meanwhile, pedestrians in some other countries such as Singapore, have the habit of walking along the left-hand. As the case study is conducted in the Changchun light-rail transfer station, China, we assume that the pedestrians have the habit of walking along the right-hand to avoid conflicts with others in the bidirectional passage. When LP are at the area up of the center line of the passage, in order to avoid the conflicts with RP and walk safely and comfortably, they have strong preference to walk along the right-hand side. We set M preference as the preference strength to walk along right-hand side. When the distance between the LP and down boundary is larger, degree of pedestrian preference to walk along righthand side is stronger, namely the value of M preference is higher. When LP walk over the center line of the passage and into the down side area, preference strength weakens rapidly. When the distance between the LP and up boundary is larger, preference strength of walking along right-hand side becomes weaker, namely the value of M preference is smaller. Preference strength M preference is expressed as
where d is the distance between LP (RP) and down (up) boundary, and 0 < d < W ; W is the width of the passage; α is an undetermined coefficient. Pedestrian walking probability towards each direction would change after the position of pedestrian, which is indeed the realistic reflection of pedestrian flexibility. 
D. REMINDER SIGN
Reminder sign can convey information quickly to give pedestrians a reminder in rail transit station. Pedestrians can easily identify his/her position and decide the walking direction promptly. On one hand, reminder sign can lower the pedestrian psychological tension. On the other hand, it can effectively reduce or eliminate pedestrian conflicts. In this study, reminder sign is set to improve the efficiency of pedestrians passing, and the position of reminder sign is shown in Fig. 6 . Distance between reminder sign and vertical walking facilities is L m . Sight distance of the pedestrian is L s and we set it to 6 m [49] . Yellow zone shown in Fig. 6 is the guide zone with the length L m + L s .
With the effect of reminder sign, pedestrian choice zone has been changed. When a pedestrian sees the reminder sign, he/she would make decision for choosing escalator or stairway. For pedestrians choosing escalator, they would also have the preference of walking along right-hand side in the yellow zone. When they walk on the escalator, the preference of walking along right-hand side disappears. For pedestrians choosing stairway, when they walk in the yellow zone, they would have the preference of walking in the middle of the passage. When they walk on the stairway, they would also have the preference of walking along right-hand side.
E. TRANSITION PROBABILITY
Moore motion rule is often used in CA to simulate pedestrian movement behavior [50] - [52] , and its performance is excellent. Therefore, Moore motion rule is used in our work. Moore motion rule and its transition probability are schematically shown in Figs. 7 and 8, respectively.
There are nine cells for pedestrian to move in the Moore motion rule. We set S ij as the static floor field and D ij as the dynamic floor field. Transition probability for pedestrian to move into each cell is calculated as follows: where µ ij = 1, cell (i, j) is occopied 0, otherwise and ξ ij = 0, cell (i, j) is wall or barrier 1, otherwise ; P ij is the probability of pedestrian to move to cell (i, j); N is the normalized parameter; k static is the coefficient of static floor field; k dynamic is the coefficient of dynamic floor field.
In the process of walking, pedestrians have the preference of walking along right-hand side. Preference strength M preference is considered, and transition probability for LP is shown as follows:
Similarly, transition probability for RP is shown as follows: (10) Transition probability of pedestrian is normalized after adding preference strength M preference , and the final transition probability P ij for LP (RP) are noted as follows:
In addition, there are three situations that the calculation method of transition probability for pedestrians need to be illustrated.
x For pedestrians choosing escalator, when they walk on the escalator, the preference of walking along right-hand side disappears. Transition probability for pedestrians is as formula (8) .
y In order to describe the varying of pedestrian walking preference, we set the N zone zone in Fig. 5 . For pedestrians choosing stairway, when they walk in the yellow zone, they would have the preference of walking into the N zone zone. In this case, if pedestrians walk in the N zone zone, they have no preference, which is to say, preference strength M preference is equal to 0. If the distance between the N zone zone and pedestrian is larger, M preference is bigger; on the contrary, M preference is smaller. When LP (RP) walk in the up (down) of N zone zone, M preference is calculated as follows:
where d 1 is the distance between LP (RP) and up (down) boundary of the passage; W 1 is the distance between N zone zone and up (down) boundary of the passage; β is an undetermined parameter.
In this case, considering the effect of preference strength M preference , transition probability for LP and RP are shown in formula (9) and (10), respectively.
z When LP (RP) walk in the down (up) of N zone zone, preference strength is calculated as follows:
where d 2 is the distance between LP (RP) and up (down) boundary of the passage; W 2 is the distance between N zone zone and up (down) boundary of the passage.
Similarly, in this case, transition probability for LP and RP are shown in formula (10) and (9), respectively.
F. CHOICE PROCESS
We assume that there is no sojourn time when pedestrians make decision on choosing escalator or stairway. From the field observation, the capacity is larger at the position where the passage becomes wider, and the changing of pedestrian flow state gives a 'message' to each pedestrian. Most pedestrians choose escalator or stairway at the position where the passage becomes wider. Therefore, without the effect of reminder sign, we set the choice zone in Fig. 9(a) . In presence of reminder sign, we assume that pedestrians would make decision for choosing the escalator or stairway immediately when they see the reminder sign. Therefore, the set of the choice zone with reminder sign, highlighted in blue color, is schematically illustrated in Fig. 9(b) as follows.
At the beginning, pedestrians are generated randomly at both sides of the passage, and they walk towards the escalator and stairway. When a pedestrian arrives at the choice zone, he/she would make decision for choosing escalator or stairway according to pedestrian choice model, and pedestrian choice behavior is simulated by switching the static floor field. We take LP for example to illustrate the process of switching the static floor field. Transition probability calculation of LP is dependent on the static floor field which is described in Fig. 4(a) at the beginning. When they arrive at the choice zone, they choose the escalator or stairway according to pedestrian choice model of downward direction. If the pedestrian chooses the escalator, transition probability calculation of the pedestrian is determined by the static floor field as described in Fig. 4(b) . If the pedestrian chooses the stairway, transition probability calculation of the pedestrian relies on the static floor field as described in Fig. 4(c) .
IV. SIMULATION ANALYSIS AND DISCUSSION
In the simulation, we set k static = 3 and k dynamic = 0 following the relevant researches [53] - [55] . Pedestrian choice behavior of vertical walking facilities in rail transit station is simulated on the platform of MATLAB software. Process of pedestrian simulation without and with reminder sign are compared in Figs. 10 and 11 , respectively. Firstly, pedestrians are generated at both origins of the passage, and walk towards the escalator and stairway. Then, without the effect of reminder sign, pedestrians arrive at the choice zone After 200 time-steps simulation, we stop the generation of pedestrians and count the time of all pedestrians passing the passage. We repeat the simulation experiment thirty times and obtain the statistical results, shown in Fig. 12 . From Fig. 12 , it is noted that the time of all pedestrians passing the passage with reminder sign is less than that In order to analyze the influence of the position of reminder sign for the efficiency of pedestrians passing the passage, we set the distance between guide sign and vertical walking facilities to increase from 0 to 6 m, incrementing by 0.4 m at one time. These sixteen values of distance represent sixteen positions of reminder sign. For each position of reminder sign, after 200 time-steps simulation, we stop the generation of pedestrians and count the time of all pedestrians passing the passage. We repeat the simulation experiment thirty times and obtain the mean time of all pedestrians passing the passage with different position of reminder sign, shown in Fig. 13 . From Fig. 13 , we can know that the mean time of all pedestrians passing the passage with reminder sign is less than that without reminder sign. In pedestrian flow simulation with reminder sign, as the increasing of the distance between reminder sign and vertical walking facilities, the mean time of all pedestrians passing the passage decreased. When the distance between reminder sign and vertical walking facilities is larger than 4 m, the mean time of all pedestrians passing the passage is no longer decreasing. It indicates that when we set the reminder sign, distance between reminder sign and vertical walking facilities should be set to be larger than 4 m. These findings can provide the technical support to the planners and designers.
We set the reminder sign in front of vertical walking facilities, and the distance between reminder sign and vertical walking facilities is 4 m. Pedestrian distribution is impacted by reminder sign in the guide zone before changing wider of the passage. When pedestrian flow is stable, we count the mean distance between LP (RP) and down (up) boundary at each time-steps, as shown in Figs. 14 and 15. Taking LP for example, with the effect of reminder sign, pedestrians choosing escalator would have the preference of walking along right-hand side, and pedestrians choosing stairway would have the preference of walking in the middle of the passage. In general, compared with pedestrians choosing stairway, the number of pedestrians choosing escalator is bigger. From Figs. 14 and 15, it is easy to observe that the distance between LP (RP) and down (up) boundary becomes smaller when reminder sign is set up. This phenomenon better illustrates that pedestrian conflicts are reduced between LP and RP, and pedestrian distribution has been altered with the effect of reminder sign. It is also the reflection of pedestrian flow flexibility.
V. CONCLUSION
Analyzing the influence factors of pedestrian choice behavior, we propose a pedestrian choice model based on RF and validate it with the collected data. At the same time, comparative analysis of pedestrian choice models based on RF and SVM is made. On this basis, we establish the simulation model of pedestrian choice behavior considering reminder sign. Pedestrian choice behavior of vertical walking facilities is simulated and the results are analyzed. The research results of this study are mainly summarized from the following three aspects:
(i) Pedestrian choice model of vertical walking facilities based on RF is established considering four key influence factors: interlayer height, luggage, the difference in the number of pedestrians in front of elevator and stairway, and walking speed. This model is verified by using the data collected in Changchun light-rail transfer station and Beijing Xi-zhi-men railway transfer station, China. Meanwhile, it is compared with the pedestrian choice model based on SVM. Prediction results of these two choice models are all good and acceptable. The difference between the mean prediction accuracies of these two pedestrian choice models is small (0.62%).
(ii) Incorporating the choice model of vertical walking facilities into a CA-based pedestrian simulation model, we simulate the pedestrian choice behaviors within rail transit stations. From the simulation results, we observe that some conflicts occur in front of the escalator and stairway. Therefore, reminder sign is proposed to be set up to tackle this issue. By installing reminder sign in front of pedestrian choice zone, the position of pedestrians make decision for selecting escalator or stairway is shifted forward, and thus pedestrian conflicts are reduced.
(iii) Simulation results indicate that efficiency of pedestrians passing is higher with the effect of reminder sign, and the distance between reminder sign and vertical walking facilities should be set to be larger than 4 m. With the effect of reminder sign, pedestrian distribution has been changed and the distance between LP (RP) and down (up) boundary becomes smaller. These findings would assist the planners and designers with guidelines on facility design within the rail transit stations if smooth pedestrian flow with less conflicts is desired to be achieved.
It is also noted that, in this study, we did not consider pedestrian group behavior and the effect of children when analyzing pedestrian choice of vertical walking facilities. In principle, these are also important influence factors for pedestrian choice behavior. For example, a pedestrian's selection on escalator and stairway is influenced by other members in a group when walking together. Children tend to follow the adults in their choices. These problems would be further addressed in our future studies. 
